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1 Time and the Clock


Introduction


Clocks and mechanical devices hold a fascination for many of us from when we were young children. In my case I have been fortunate to be able to turn the fascination of small mechanical objects and all things horological into my working life. Since beginning as an apprentice in 1983 I have been privileged to work with many fine clocks in wonderful locations, and have met many interesting people.


Time has shown a well-made clock will give literally centuries of pleasure and good service. Quite a number of traditional weight-driven clocks are well over 250 years old; the oldest I’ve had the privilege to repair was made in the year 1646. Much history has passed during the life of this particular clock, including most of the industrial revolution!


While much has been written in the past about the traditional methods of clockmaking, here we will discuss producing a clock movement using a mixture of those older working practices (with the required hand tools) alongside more modern techniques and products, where appropriate. Where possible, the use of unique horological equipment has been avoided to bring the project within the scope of a typical workshop setting. Where specialised equipment is required, such as when cutting the teeth onto a clock wheel, alternatives have been suggested to make the completion of the project possible.


As the design and construction of the movement proceeds, there will be opportunity for you to include some of your own personal touches to add interest and uniqueness to the clock movement.


There is a great pleasure in producing a working instrument. Hopefully you will find this clock an interesting project to construct. Perhaps it will be a unique addition to your horological collection, or a starting point into the subject of horology. It might also turn out to be a family clock passed down for many generations to come, and you will have had the pleasure of being the clockmaker!


Time


Let us begin by thinking about time: you cannot stop it, see it, or smell it – neither can you touch it – but it threatens to take over our lives.


Think about this... what is time? The Oxford English Dictionary defines it thus:


The indefinite continued progress of existence, events etc., in past, present, and future regarded as a whole. The progress of this viewed as affecting persons or things.


The author Dava Sobel in her book The Quest for Longitude comments about time and our instruments for measuring its passing:


Time is to clock as mind to brain. The clock or watch somehow contains the time. And yet time refuses to be bottled up like a genie stuffed in a lamp. Whether it flows as sand or turns on wheels within wheels, time escapes irretrievably while we watch. Even when the bulbs of the hour-glass shatter, when darkness withholds the shadow from the sundial, when the mainspring winds down so far that the clock hands hold still as death, time itself keeps on. The most we can hope a watch [i.e. clock] will do is mark that progress. And since time sets its own tempo, like a heartbeat or an ebb tide, timepieces don’t really keep time. They just keep up with it if they’re able.


Early man noticed the sun, and then the phases of the moon, along with the regular cycle of the planets and stars. In horology the phrase ‘The Movement of the Heavens’ is often used to sum up what we see happening in the sky. The Babylonians began calculating mathematically for the movement of the sun, moon and stars, based on a system known as Sexagesimal, which was 60-based. They loved the number 60, as it could be divided by the greatest number of whole numbers. That is to say, without having any remainders, as they did not know what to do with the remainders. It was the Babylonians who decided there would be 360 degrees in a circle, and 60 divisions in an hour.


The Day


The time on earth is set by the movement of the planet around the sun, as can be seen in the image of the ‘Orrery’.







An orrery.





There are three types of day that can be measured:


1. The Solar Day. Our lifecycle is regulated by the sun. We can define a day as the interval between two successive transits across the meridian of the sun. The time so determined is ‘apparent’ or ‘true solar’ time. This is the time you will see on a correctly oriented sundial. The disadvantage of this time is that the days are not of a constant length. There are two reasons for this. The first is that the orbit of the earth around the sun is not circular but elliptical, so the distance between the earth and the sun changes. The second is that the earth does not move in a plane at right angles to the sun, but in a plane called the ecliptic, which is inclined to the plane of the equator by about 23.5 degrees.







A sundial designed for a hall in Norfolk.





2. The Sidereal Day. For the actual determination of time it is more convenient to use the stars as a reference point for determining the rotation of the earth. For this we use an instrument known as a ‘transit instrument’. Greater accuracy is possible when observing a star, which gives a pinpoint of light compared to the sun. There are also many, many stars, so you can make a number of observations through the night. The sidereal day is defined as ‘the interval of two successive transits of a star across the meridian’. This day is 23 hours, 56 minutes and 4.09 seconds long, which is consistent in length.


3. The Mean Day. This is the day that we all use. If you imagine a fictitious sun moving about the earth’s equator, always keeping the same distance from the earth, you would have a day that was 24 hours long, with all the days being the same length. It is because our mean day has 24 hours that we require the leap year day to correct the difference between the sidereal day and mean day every four years. We work on what is known as the ‘civil year’ – so 365 or 366 whole days. In addition to the leap year, we also omit three days every 400 years. This is done by omitting three leap years. The year 1600 was a leap year, 1700, 1800, and 1900 were not, but the year 2000 was a leap year. With another adjustment every 400 years, we keep our earth time in step with the heavens.


British Standard Time


In the UK we use British Standard Time (BST). BST was originally railway time. In the 1840s everyone kept local time, so in Bristol, local noon is approximately 20 minutes later than London, and there is a difference of about 29 minutes for actual local noon between Great Yarmouth and Penzance. In 1847, a National Railway Time System came into being, which was based on Greenwich Mean Time. There was actually a lot of resistance to changing time to a national standard time.


In 1884, it was agreed in Washington DC, USA, at the International Meridian Conference, that the meridian for cartography and charts would be at Greenwich. It was also agreed that the prime meridian would be the same for time and date. Approximately 70 per cent of shipping charts and maps used Greenwich as the prime meridian at this time. Only one nation disagreed with the discussion, finally falling into line some 30 years later.


The Clock


The field of horology is vast, covering anything from the latest quartz wrist watch to the huge clocks found in the great cathedrals and institutions of the world.


The great Astronomical Clock at Strasbourg was first installed in 1352–54 and was an incredibly impressive machine. It was replaced by a second clock designed by the mathematician Christian Herlin, which was completed around 1571 and stands 12 metres tall. Today, we see a third wonderful clock movement, this one by Jean-Baptiste Schwilgué completed in 1843, in the case from the 1571 clock. If you plan to visit the clock, the main automata functions at 12.23pm European Time, which is the local noon in Strasbourg. You need to get there early for a good view.


The earliest records we have of mechanical clocks as we might understand them, come from the monasteries in central and northern Europe in the late thirteenth century. One of the earliest recorded was installed in Dunstable Priory in 1283. These records were mostly in Latin. We understand them to be mechanical clocks, although there is a little uncertainty as the same word – orlogian, or orloge – is used both for a sundial and a mechanical clock. To be certain it is a mechanical clock being mentioned it is necessary to check through the records for notes about oiling or repairing the orloge.


By modern standards these clocks were very crude; they were made from iron, and very inaccurate, only being able to measure time within fifteen to twenty minutes in a day. It is worth remembering though, since this was probably the only clock either in the monastery or the surrounding area, one would not have been aware of the clock’s time keeping. These clocks were weight-driven striking clocks, used to call the monks to prayer. They did not have a dial or hands, so the time would not have been read. Dials didn’t really appear until the fourteenth century, and they tended to be divided into 24, rather than 12 segments. When the hand and dial were added the idea was that the hour hand mimicked the sun. If you think about it, it becomes apparent that the term ‘clockwise’ derives from the fact that the sun travels across the sky from left to right in the northern hemisphere. The division into twelve hours did not happen until another century had passed. These clocks had an escapement and oscillator, which controlled the speed at which they ran. The escapement of a clock is the heart of the clock, if you will. The better the escapement, the better the clock keeps time. The better our hearts are, the better we ‘run’, so to speak. It is the development of the escapement and oscillator over the years that has increased the accuracy of the clocks we have today.


The Terms Used in Clockmaking


The mechanism of a clock is known as the ‘movement’ of the clock. The gears of a clock are referred to as wheels, and the smaller steel gears as pinions. When wheels and pinions are set to mesh with each other they form a ‘train’ of wheels. Each wheel and pinion is mounted on an ‘arbor’, rather than an axle. On the end of each arbor is a ‘pivot’. This is the running surface for the arbor, passing through the plate at the pivot hole, which acts as a plain bearing.







An example clock movement made by the author.





There are a number of different brass alloys available today. In clockmaking, CZ120 is used for the plates and wheels. A clock wheel is generally crossed to save weight. This is done ensuring the wheel is reasonably balanced and pleasing to look at.







A wheel with six crossings, used in quality clockmaking.










A wheel with four crossings. This is the more traditional form and is found in the majority of clock movements.





Pinions are of a smaller diameter and tooth count. Generally any wheel with less than sixteen teeth is referred to as a pinion. To give better wear, a pinion is usually made from a good quality steel such as EN8 or EN16. This can be hardened and tempered where required.


Two ways of manufacturing pinions are described in this publication. The traditional way a pinion is formed is by turning the whole arbor complete and then cutting the leaves for the pinion into the arbor.







A traditionally turned and manufactured centre arbor. This is used in one of the movements described in this book.





The second way to produce a pinion is to make the pinion itself as a short section, and then drill the centre of a suitable diameter hole to fit snugly onto an arbor. It is then secured using soft solder or an adhesive such as Loctite 638. The pinions in this project have been designed to have a root diameter large enough to allow this option to be used.







A pinion head before (right) and after drilling ready to mount on an arbor (left).





The Fundamental Principle of the Clock Escapement


The Escapement


The clock movement is a type of gearbox, and the escapement is the controller or governor of the clock movement. It consists of a number of parts including the escape wheel and pinion, and either a type of pallet or a balance and its associated parts. In this publication a pendulum with its associated parts is used. Finally, there is the crutch, which links the clock escapement to the pendulum.


Whilst the design and quality of the whole movement affects its performance and reliability, careful work when making the escapement will pay dividends with the timekeeping and ‘action’ as it is referred to, of the escapement. The choice of design for the escapement and the pendulum impact the timekeeping significantly.


The Verge Escapement


The earliest form of recorded escapement is reckoned to be the verge escapement, or in its vertical form the foliot escapement. The origin of this escapement is not known, although it is believed to have existed from the fourteenth century. These clocks tended to have only an hour hand, as their timekeeping was not close enough to require a minute hand. At this point in history there was not the requirement for close timekeeping, with no trains to catch and no Archers (a long-running UK radio programme) to listen to on the radio! The verge is a type of escapement known as a recoil escapement.







An example of the verge escapement. Shown on an English bracket clock, which was not made by the author.





The Recoil Escapement


In the seventeenth century, the anchor or recoil escapement was developed. Whilst it is not known who actually invented this escapement, Dr Hooke is generally accepted as the inventor, and William Clement the person who actually made it. This is the escapement typically found in a longcase clock, as well as most mass-produced clocks of the twentieth century with a pendulum-controlled escapement. It is known as the recoil escapement, as once the escape wheel has given an impulse to the pendulum, the pendulum continues to swing in the same direction for a short distance, causing the escape wheel to be moved in reverse or ‘recoil’ before moving forward as the pendulum is driven back in the opposite direction. This escapement gives a satisfactory performance and is not quite as critical in its construction as other more accurate escapements, such as the various forms of the deadbeat escapement.







The recoil escape wheel and pallets used in this clock movement. Shown set on a jig to aid construction and final adjustment of the escapement.










The recoil pallets. Shown finished, but not finally mounted on the pallet arbor.





The Deadbeat Escapement


The deadbeat escapement was developed later in the seventeenth century. Again, it is not clear who invented this escapement, although correspondence between John Flamsteed – the Royal Astronomer – and Richard Towneley suggests that Richard Towneley may have made the deadbeat escapement with Thomas Tompion making a clock using the deadbeat escapement soon after.







A pair of well-made deadbeat escapement pallets by ‘Dent’s’ of London.










The Brocot style of deadbeat pallet. The assembly consists of three parts: the steel frame and two hardened steel ‘pads’. These are inserted into the frame at the correct angle and fixed using Loctite 638.





When correctly constructed, this escapement is a very close timekeeper. It performs at its best when used with a seconds pendulum – that is to say, a clock that makes one tick or vibration per second, again as a typical longcase clock.


Side note: The correct term for this type of clock is a ‘longcase clock’. The terms grandfather, grandmother and granddaughter clocks seem to originate from Edwardian times, when the style and physical size of clock often referred to as a granddaughter clock became popular.


The Grasshopper Escapement


Another escapement that has been shown to work well is the grasshopper escapement designed by the famous clockmaker John Harrison, who was born in Foulby near Wakefield on 24 March 1693 and was responsible for the original development of the chronometer. His grasshopper escapement has been much studied. The Gurney regulator, one of a pair of regulators made by Martin Burgess, once displayed in the city of Norwich, features many of Harrison’s innovations. In 2015, the sister clock to the Gurney regulator took the world record for the best timekeeping for a clock with the pendulum in air, recording a rate better than one second in one hundred days.







A variation of the grasshopper escapement constructed by the author. The design shown in the photo above is based on research done in Cambridge, Massachusetts, USA and was made to fit a large regulator where the action of escapement was to be visible.





The Gravity Escapement


There are a number of other escapements that perform well as weight-driven escapements, such as the gravity escapement, which was developed by Dennison (1840) (later Lord Earnshaw) for the clock in Westminster palace. A variation on this escapement is used by Jens Alson for his fabulous world time clock located in Copenhagen town hall, as it is ideal when the clock has to perform a number of tasks during the course of an hour. It is known as a ‘detached escapement’, as the wheels driving the clock do not give a direct impulse to the pendulum. This escapement was used in a large chiming longcase clock made by the author and was found to perform well. Owing to requiring an extra wheel in the train, this escapement will not be considered for this project.


How the Escapement Works


This is best explained by considering one of the escapements we are going to construct: the recoil escapement, shown on the following page. The wheel count and design of the clock described in this publication will be used as an example.


The escape wheel has 30 teeth, and rotates clockwise once in 60 seconds, causing the pendulum to vibrate or beat (tick) once a second – hence the term ‘seconds pendulum’ is often used. Each tooth of the escape wheel is used twice by the escapement: once as it comes into the escapement – hence the ‘entry’ pallet – and once as it leaves – the ‘exit’ pallet. Therefore, 30 teeth will give 60 seconds for one rotation of the wheel. It is a simple matter to add a seconds hand to the front of the escape wheel arbor, and this is why many clocks with a seconds pendulum have an extra dial showing the seconds passing.


The ‘recoil’ in the escapement comes from the continuation of the pendulum swinging beyond the point where the tooth initially contacts the impulse surface. Owing to the pendulum swinging in a given direction and the shape of the impulse surface, although the tooth has contacted the pallet surface, the inertia in the swinging pendulum means it continues to travel in the same direction a little further, rather than immediately changing direction. The recoil can often be seen when observing the seconds hand on a typical longcase clock. It is wasted energy, an issue the deadbeat escapement is designed to eliminate. Thus, the deadbeat escapement will operate with less force, and has no recoil.


The Action of the Deadbeat Escapement


The deadbeat escapement was designed around the beginning of the eighteenth century. It seems likely that Richard Towneley was the first to make a form of this escapement. As an escapement it requires very careful construction. For this project the version of deadbeat escapement constructed is known as the Brocot pin-pallet deadbeat escapement. The author has chosen this version as it is more readily constructed. Whilst the traditional design is superior, the Brocot escapement performs very well as a seconds escapement.





The action of the recoil escapement







Tooth A comes into the escapement and is resting on the entry impulse surface of the pallets. As the pendulum swings, this tooth slides along the pallet impulse surface until it drops off the end of the impulse surface.










This releases the wheel, allowing it to turn. Note that the small brass tube (bottom right) shows the location of the pendulum.










The rotation of the escape wheel is brought to a stop by tooth B coming into contact with the exit impulse pallet. On contact it imparts an impulse, driving the pendulum back.










In turn tooth B moves along the impulse plane until it runs off the end of the exit pallet, allowing the wheel to turn. The rotation is stopped by tooth C coming into contact with the entry pallet and thus the action is repeated.








THE ACTION OF THE BROCOT PIN-PALLET DEADBEAT ESCAPEMENT







The left hand impulse pin – the entry pallet – in contact with the tip of the escape wheel tooth A. As the pallet moves to the left, tooth A will follow round the curve of the pin imparting impulse to the pendulum, and tooth B will head towards the exit pallet.










Tooth A now falls off the entry pallet and the escape wheel rotates until tooth B locks onto the exit pallet, as can be seen in the photo above. The pallets will continue to move to the left a little longer but the wheel does not recoil. The pallets then begin moving back to the right with the exit pallet giving impulse to the pendulum. Tooth B is released by the exit pallet and the escape wheel turns until tooth C comes into contact with the entry pallet and the action begins again.







2 The Design of the Clock Movement


Whilst the fundamental dimensions and construction must be followed for the clock movement to work, do take the opportunity to shape some of the parts to your own design when the text indicates. This will give you the satisfaction of owning a unique clock in which you have been part of the design process.


There are two options for the movement to be wound – either using a winding key, or by pulling a brass chain to lift the driving weight to wind the movement up. There are also two designs of escapement described, the recoil and deadbeat. It is a good idea to settle on which variation of movement you are going to make beforehand, as there are differences as the movements progress.


Winding the Movement


Weight-driven clocks require winding by lifting a weight, which, as it falls owing to gravity, drives the clock. Traditionally clocks of a shorter duration, usually of 30 hours, tended to be wound by pulling a chain or rope to lift the weight. During the nineteenth century, chain-wound quarter-chiming longcase clocks of eight days’ duration were produced. Many mass-produced longcase clocks produced today are also chain wound. The chain-wound barrel is the more straightforward of the two to construct, and does not require a hole through the dial for winding.







The chain-wound movement. The chain barrel is mounted on the left-hand side.










The chain-wound movement seen from the left-hand side showing detail of the chain on the sprocket.










The complete chain-wound barrel assembly. It is more straightforward to construct than the key-wound barrel.





Please note that to illustrate this publication, the same set of clock plates is used to show the chain- and key-wound barrels. The chain-wound barrel is shown on the left of the movement, but can be located on either side.


The alternative method of winding a weight-driven movement is to use a key.







The key-wound barrel with the barrel mounted on the right-hand side. Both designs of barrel can be mounted either side of the movement, depending on the design of the dial.










The complete key-wound barrel assembly.










The key-wound barrel assembly viewed from the front of the movement.





A key-wound barrel has a more refined feel in use and as a design is generally associated with clocks of better quality and longer duration. It allows durations of up to a year to be achieved within the bounds of a typical longcase clock case. It is most often used in clocks of eight-day duration and this is the duration used for this project. Whilst its construction is more involved, it is very satisfying to use.


The Escapement Options


The first option is to make the clock with a recoil escapement. This is perhaps the best place to start if you are new to horological construction projects. This escapement performs well, and is reasonably straightforward to construct. Note the same train of wheels can be used to make the movement with either the recoil or deadbeat escapements.







The finished parts of the recall escapement. The escape wheel is crossed in the traditional four crossing pattern.





The second is to make the movement with the deadbeat escapement. This requires a little more care in construction. It does give better timekeeping and is perhaps a little more interesting to construct if this is not your first horological project. If the traditional deadbeat escapement were used, there would be the need to introduce a device known as a ‘maintaining power device’ – unless you without fail were to stop the clock before winding. The maintaining power device is an interesting addition to the construction of the movement and is shown overleaf.


Notes and drawings are included for construction of the movement with the Brocot deadbeat escapement.







The deadbeat pallet assembly shown with the beat adjusting crutch.










The key-wound barrel with the extra maintaining power ratchet wheel fitted.










The reverse side showing the steel spring used to drive the movement whilst the clock is wound.





As the Brocot deadbeat design is used here, the maintaining power device need not be constructed, but the movement would be better for its inclusion. The construction of the maintaining power device will be covered in due course. In addition to space for the weight, there will need to be room for the seconds pendulum to swing beneath the movement.


As the clock is driven by a weight rather than a spring, there will need to be room under the movement for the weight to fall. An alternative would be to use a pulley system to route the weight above the clock. This would be an interesting feature, and is how turret clock weights are sometimes located in order to get the maximum height for the weights to fall, and therefore the longest period of time between winding of the clock. The type of clock found in church towers and town hall towers and the like, are referred to as turret clocks.


Wheels and pinions with higher counts (that is, with more teeth) work more smoothly than those with low counts. For example, a pinion with seven or eight leaves (teeth, but referred to as leaves when describing a pinion) will work perfectly well and the majority of traditional longcase and bracket clocks have these, but a pinion of twelve leaves will work much more smoothly. Clocks known as regulators have higher train counts. On the following page is a comparison between a typical longcase clock and a smoother running equivalent train. The list also includes the correct term for each wheel. The aim is to have an efficient and smoothly running train. The dimensions given in the column marked ‘Higher train count’ are the ones used to make the movement in this publication. The figures given in the typical clock train come from many individual wheel counts taken by the author over a number of years.










Note: when purchasing materials it is sometimes easier and more cost-effective in the UK to purchase the imperial thickness – especially brass sheet. For example, 3mm CZ120 brass may be more costly than 3.175mm (also known as 10 gauge or 0.125”). If you choose to do this, remember to add or subtract the difference shown in any relevant dimensions.




Extra reading for wheel-cutting theory


As we continue to discuss the design of the clock, I would recommend J.Malcom Wildes’ excellent book Wheel and Pinion Cutting in Horology (The Crowood Press) to give you a theoretical background into the whys and wherefores of clock train design.





Brass


There are several types of brass available for purchase, all of which have specific uses. Brass is characterised by its alloy properties, which are altered by changing the ratios of copper and zinc and by adding other elements such as tin and aluminium. Changing the makeup of the alloy alters how readily the brass is machined as well as how easily it bends and corrodes. The colour also varies with the makeup of the alloy.


For clockwork, CZ120 – also known as half-hard or engraving brass – is used for plates and wheels. It is best used for all parts of the movement, although CZ131 bar can be used for the plate pillars and wheel collets. This is slightly more yellow in colour, and requires more care when drilling. In all notes for working and finishing all the brass parts for the movement it is assumed the maker has used CZ120. (CZ131 finishes in the same way). Do not be tempted to use another grade, as they all have different machining properties, and can be more difficult to work with. For sources of brass and other materials, see the Appendix. In the interest of research for materials for this publication the author has purchased brass from a number of sources detailed as being CZ120. From experience, UK-sourced brass made within Europe and the UK is by far the best for clockmaking and is readily available from the suppliers listed in the Appendix.


We now have the basic dimensions for the clock movement. Let’s now consider the tools required and how to use them.


The Size of the Clock Plates


Two brass clock plates of CZ120 Brass 3-4mm thick and 150mm by 200mm are required. This size of brass plate blank will allow either design of plate shown to be produced.







The clock plates finished and secured the correct distance apart by the four pillars. The bottom two pillars are of a larger diameter to allow securing bolts to be screwed into the underside.





The Pillars to Separate the Plates


Four pillars are required, two of diameter 12mm and 59mm long, and two of diameter 15mm and 59mm long; in both cases, these can be machined from a single length of bar stock length 150mm for each diameter.




3 The Tools Required and How to Use Them


There are a number of hand tools you will need to make the clock. You will also need a certain amount of machinery – a lathe and pillar drill are required. Try to avoid modern low-cost tools. These tend to be poorly made and make it difficult to achieve good quality work. Buy once and buy well: good second-hand tools are often a well-priced option.


Whilst a workshop equipped with several machine tools is the ideal, this project can be made with just a pillar drill and lathe. Please note that safety guards should be fitted to machinery and used. They are often not shown in the following photographs as they would obscure much of the details required – but please fit and use them along with safety glasses and other protective equipment suggested in machinery handbooks.


Some furniture is also required – a solid workbench at a height you can comfortably sit at with a good posture and a suitable chair. An MDF or plywood working pad that you can put on the workbench in front of you to work on, cutting, drilling and so on, without damaging the bench top, is also a good idea. Approximately 300 × 500mm is a good size. Check there are no edges to pick up a splinter from.


You will also require good lighting above your bench and/or a large window. The key to seeing clearly is good light.


There are plenty of views of the author’s workbench as the book proceeds.


The Tools


Pillar Drill (sometimes referred to as a drill press)


A good solid drill is required. The author’s elderly but solid ‘Fobco’ is illustrated. A good range of speed is helpful, as a slow speed is best for drilling brass.







Fobco ‘Star’ pillar drill.





Drills


A box set of metric ‘engineer’s jobbing’ drills from 1 to 6mm is required, ideally in 0.1mm steps, suitable for drilling brass. A set of regular jobbing drills can readily be altered using an oil stone to ensure they will cut brass smoothly. Adjusting the drill to cut brass smoothly is explained in Chapter 4, in the section ‘Drilling Brass’. Once altered, use these drills just for brass, so have an un-altered set too.







Two sets of Dormer twist drills. The one on the left 1.6mm in 0.1mm steps. The right hand set extends the range from 6 to 10mm in 0.1mm steps.





Centre Drill


A selection of centre drills is required. Just two or three are ample for this project. A centre drill has a different-shaped tip to a regular drill, and was originally designed to drill into the end of a bar stock in the lathe or mill to allow a tailstock centre to be fitted. It is also useful to ensure a twist drill locates centrally when drilling a hole in the lathe. Spotting drills are another type of drill that work very well when centralising a drill onto a centre-punched hole in the brass movement plates, etc. Both types are shorter than a typical drill, are more rigid, and tend to wander less. The author has used centre drills in this publication.







The different shape of a centre drill is clearly seen.





Oil Stone


This is a flat stone, usually two-sided, having a coarse and smoother side. It is used for sharpening and altering cutting tools. It can also be used for finishing a surface to be flat. When using it lubricate it with a thin oil, hence its name – oil stone.







A selection of tools listed. The oil stone for sharpening tools is shown on the right-hand side, with a ‘graver’ turning tool positioned on top.





Lathe


A good-quality, second-hand lathe is better than a ‘bargain’ modern low-cost machine. The author’s lathes are illustrated. As can be seen, they are definitely not new, but well loved and maintained pre-owned machines, still running very well indeed and capable of good work. There are many new lathes of satisfactory quality, of course. With the lathe you will need a certain amount of tooling. In this publication, collets are used for holding the workpiece in the lathe. A self-centring three-jaw chuck is also used. A luxury item for the lathe is a self-centring six-jaw chuck. Three different shapes of cutting tool are used: a lozenge shape for general turning; a round-nosed for decorative turning; and a parting tool for cutting – parting – the workpiece off the bar stock in the lathe. The use and shape of these is discussed as they are used.







Schaublin 102 lathe.










Pultra 1770 lathe and three-jaw chuck. This lathe also accepts collets.










Schaublin vm102 lathe. This lathe is equipped with digital readout scales speeding up the process of turning.










A ‘collet’ is a collar divided into three equal sections, which is tightened around a section of bar stock the same diameter as the hole in the collet. It is a very accurate way to hold a round bar for turning. Two are shown: the smaller is a 10mm thread used in the Pultra1770, and the larger a W25 Schaublin collet. W25 indicates the diameter of the collet thread being 25mm.










Three- and six-jaw chucks. A chuck is a tool with jaws that close around the object to be turned. These ones are self-centring – as they are tightened the jaws close at the same time, meeting in the middle.










The four types of cutter used for this project. Starting top left and then clockwise: recoil escape wheel, ratchet wheel, deadbeat escape wheel, and bottom left a clock train wheel.





All these lathes are used with collets and chucks. There are many alternatives to these brands, of course: Myford and Sherline, for example.


Horological Wheel Cutters


These are from P.P. Thornton Successors. The photo shows the different forms used for the different types of tooth profile used in a clock movement. Chapter 6 deals with the various types and how to use them.


The cutters required for this project are:




The ratchet for winding the clock requires a ratchet wheel cutter, and there is no module number.


For cutting the great wheel Module 0.6.


For cutting the centre, third and hour wheels Module 0.5.


Depending on which escapement you are making you require either a number 7E recoil or a deadbeat cutter ‘B’.


The centre arbor pinion requires a pinion cutter of 12 teeth and Module 0.6.


The 3rd, escape and reverse minute wheel arbor pinions require a pinion cutter of 12 teeth and Module 0.5.





The Piercing Saw


A piercing saw is a very useful and straightforward tool to use. As with all straightforward tools, its usefulness will depend on mastering the technique to use it. There are quite a number of blade cuts to choose from – very fine to rather coarse. For this project, two grades of blade will suffice, known as 02 and 2. Do not be tempted to buy cheap blades, as they will not last and you will become frustrated very quickly! ‘Gold-shark’ is a good brand when it is available. Two sizes of piercing saw frame are readily available; purchase one of 65mm and one of 150mm depth. Set the jaws to be approximately 114mm apart.







The two sizes of piercing saw used for the project. The plastic pack contains ten replacement blades.





Saw blades are set in the frame with the teeth pointing towards the handle as it cuts on the down stroke; the action of the saw is up and down – not forwards and backwards. The cutting stroke is the down stroke. The saw is used by placing the workpiece – the section you are working on – flat on the work mat, on the bench and pulling the saw down; thus, the cutting action helps to hold the workpiece down on the bench. It is also easier to see exactly where you are cutting – you can see the blade actually cutting through. Each careful stroke counts towards a closely cut finished piece.


The neater the cut, the less filing to finish is required. Filing is also a skill to be learnt, and so the neater the cut the less skill (patience!) you will need with the file later.


Insert a saw blade – let us say, grade 02 – between the clamps, making sure the teeth point towards the handle of the saw. For a standard-length piercing saw blade, set the frame jaws 114mm apart (measuring the inside of the jaw) and secure one end of the blade. Next, apply a small pressure to the frame, slightly reducing the gap between the jaws of the saw and secure the remaining saw blade end so that it is under tension. A little practice will soon guide you to the correct tension for your saw frame. (There is not a standard format to measure this.)




Sawing exercise


Take a piece of 1.5mm thick brass sheet, and using a photocopy of the pattern provided for practice, cut between the lines as closely as you can. The parts should fit together closely when you have cut them out. Persevere before moving on: taking two or three complete attempts will save you frustration when working on the clock itself. Blades will be snapped, cheap blades much more so than quality items.







Copy this pattern and secure it to the brass using double-sided tape.










The saw mid-cut.








Hand Files Large and Small


Small files are referred to as needle files. A set of six needle files with the following files would work well for making the clock’s movement: round; half-round; pillar; flat; square; and triangular.







Selection of needle files.










Two standard hand files.





Larger files tend to be referred to as hand files; sometimes the coarseness of cut is included in the name. For example, this is a flat number 2 cut file.


Purchase two hand files of number 2 cut: one flat with a safe edge, and one half-round file. Also purchase the same shape files but with number 4 cut; these are finer and will leave a smoother finish.
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Great wheel: 96 teeth 144 teeth 5mm 88.05mm M =056 8.0mm

Centre wheel pinion: 8 leaves 12 leaves n/a 8.17mm M=0.6 N/a

Centre wheel: 64 teeth 96 teeth 2mm 49.38mm M =05 8.0mm

Third wheel pinion: 8 leaves 12 leaves n/a 6.8mm M=0.5 N/a

Third wheel: 60 teeth 90 teeth 1.5mm 46.38mm M=0.5 6mm

Escape wheel pinion: | 8 teeth 12 leaves n/a 6.8mm M =0.5 N/a

Deadbeat escape 30 teeth 1.5mm 38mm Deadbeat 6mm

wheel: cutter B

Recoil escape wheel: 30 teeth 1.5mm 44mm 7E recoil 6mm

Cannon pinion: 78 teeth 2mm 40.4mm M =0.5 6mm

Reverse minute wheel: | 48 teeth 78 teeth 2mm 40.4mm M=0.5 6mm

Reverse minute wheel | 6 leaves 12 leaves n/a 6.8mm M =0.5 n/a

pinion:

Hour wheel: 72 teeth 144 teeth 1.5mm 73.38mm M=0.5 8mm

Ratchet wheel: 48 teeth 48 teeth 6mm 58mm Straight 8mm

ratchet cutter
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